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Abstract of JP8226960 

PROBLEM TO BE SOLVED: To provide a bridge 
circuit magnetic field sensor utilizing an SV 
sensor. SOLUTION: This sensor is provided with 
a substrate, first, second, third, and fourth spin 
valve elements A to D, and a conductor which is 
formed on the substrate and is mutually 
connected with the four elements A to D. The 
elements A to D are respectively provided with a 
free ferromagnetic layer 36 that has a proper 
magnetizing axis when no magnetic field is 
applied, a non-magnetic spacer layer 37 adjacent 
to the layer 36, and a pinning ferromagnetic layer 
39 adjacent to the layer 37. The magnetizing axis 
is pinned at a certain angle to the proper 
magnetizing axis of the layer 36, and four 
magnetizing axes of four free layers are parallel 
to each other substantially, the four magnetizing 
axes of four pinning layers 39 are parallel or 
inversely parallel to each other substantially. 
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(54) [»9§©£«a «IHl>U— RZ/-t©«ift*tt 



(57) [gift] 

^5*^ (a~d) t, mmtf.±i~m&.ztiR'?m& 

v*fc#&#*te<b*li**r-*-.&esijfcBi&1£« (36) , «r 
Kea^5imi4*»ci?is-r*^isx^— +m (37) % 
ainwiExt— •Miuw»-r*e>'jhJe>Miait» (39) 

A&&Bit*(= «rE4ooia^Jio& 




(2) 

1 

ttEIMLLU® ft $ i . 'ft 2 , ft 3 SO 1 '* 4 <0 x 
iE%%±[:$« $ loiK 4 o<7> x tf > y <;w -r3f ¥ 

ffijse x tf > / rat^o & « w (a) m#* f ft fio s n & v » 
t§&#&«fb»i efcasftmsii. <b) siriee 
s^3am^«tiBi«-r-j>^jsi4^^-*)iatK(c) ate /o 

fb*mftEBfifc»«1£*0&fffc»fl^Kfc*ft8-C- 

t^jta**^ «riB4o^gfi//aimii*o^=tmft 

lttli«KWU5v»(C5pfff*t) x *-L,Tti5E4ookf> 
ffli;fta>ftfc«^U- K£^U ll&Eftl ft 4 OX tf 

> ><* rss^-tt -?-*t <b o e > ]k#>mm&m <r>mtm ws. 
^i:¥ffi:l^ti, tfiE»2 iftsoxtfwwrss?- 20 
li-f-ftib «0 tf >it#»5B14WOimttt*f£v>U3F : f? t-ft 
^tLE.o«rfE»l tft4 OXtf^-yOUT'Si^otfv.itft 
S$mi4*058fb«iUi£sFffT*»K JEUflMEftl fc»2 

o x tf > >w in] oji?- <j - ks imirEft 3 1 ft 

4 OX tf W^T^OlBJOJTf-'J - KUJMttJlfcV 
j£$:fllx.x -5-LTlWKftl fcftSOXtfW^UT-jrj-O 
IBjo^.j- KSO-'WKft^ ift4 0Xtfwc;U7'3(H : - 

omoj»?-'j - KB* > x ?n*»5Sio^§ § *«i56-r 

wm^Ji^-ij- K«r»ft-r*, ; «ftailUE 

3 ] illrEftfttttiRMg-f * X tf >/<*7X?-«> 
Wll=«**tfcJ|*-»J- K**U tlfEftl 4:ft3 0Xlf 

v>»= I WT»:»*»<t» «rlfi» 2 iSuoxtfvy^T^ 

^tLjao«rie» 1 iftsoxtfw^r^otf^it^ 
»aiis»oa^bii»:a6we*»), JEustrEfti tft2 
oxe>/t;w7*3R^<oiBjoa^'j - Kso-'mriaft 3 tm 
4 ox tf w^T-ss^-onuois?'; - Ktz««is n/j* 
S»fcfll;U -tLTiWKft 1 fcft 3 ox tf wopy^co 40 
M«0»?->;- KSy r «rKft2 t»4 0XtfV/<;U7 r 3R ; f- 

oaj^js^v- K*»ft-r*, st^iuiee 

[»#«4] BirE»*#tiR«+*xtf>y'OU7'3{t^co 
Kt*U »1 i»2 0Xtfw< 
^T'JR^OIHJ&lKftS fcft4OXtf>/N'>u-/<0|W)O}t : y- 

Kliftl o*y ho>;- KtHttU »lfc»3.o . 
X tf > r^OMS O-'ft 2i*4«)xe>/^7<0 
|B)Oifr?-'J - Klift 2 O-fc 7 h O 'J - KSrBft U L 50 
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2 

TIi:*lX(i»2 0-t7 HO'J- K<75rau«ftS-b>-'l- 

U&U&ttSitfc^ofciftEft 2 XUft 1 O-fc y bO'J 

- ii/wtU^WEIi-t > x £*i*&#Oil 

- o«^ * tcmrE x tf > >w -rsf *o tf >ih*^mi4S 

O&jbtt * #i6]tt it 4 B5t«iEO{ri»0 fcfti:*E* k" 
>/^7-3R^-i:tt11#fc-tir$n^»2<Oi»«^t^ D5K 

6 ] uirEft 2 o*«ft:iiiitrK-fc 

t-pftS*t*:*S£x h?7^I(:tU -f-Lr«(rE« 
s£x h 5 -y y*SE*t*«ii£U|Kia Lfc«B**-fe ^ x-f * 
i 1 1- i >3 «rE*3tX h 7 -y 7 , «:SE^-5«S£**illl5g$ tt 
»*«l{-E*0«lf-fe>-^-o 

lUE3fe«±U?KftSix^»K »2, ft3Ry f »4 0X 

kf>/<*-r*^k, 

«rE*«±(;^ft $Hfio«rE4 ooxif^?* rjt^ 

t «s«a-r * » 1 oiimft: t , 

me**-tt= JBft $ it^ft 2 t % 

wex if>/<*r«?awwa* 2 «)#«t^HoM 

«JEX kf >j<)1 zr^ffi^Ar it (a) ?BI^*«ttl)D? Ixtt ^ 
fi**«1MiU»«i-*INBtt^^- J tWSO'te) HrE 

k'>lh<6S*T.. UirE4^0ift<t54iiatt)iOfi.»^^b 
±*>&m&m<?> 0 *><0 2 o<0Kfb^^l6](*f€KWU51v» 

c^ff-cfe.i), s.o<feo2o<7)isfiae>ikft!ijeit«<o 
fiE» 1 <r>m%#-im#-tz> x tf ^/ar«?om:t 

MtfcJW-y- KSr^L, flJEft 1 t ft 2 OX tf 
TWOIBK a^fllTEftS t»4 0Xtf>/<^7-3R^O 



3 

*LT1flE*l £#3 0xvf>^n-y«^o|Bk RO-'ffir 
ESS2 t*4<o^vr>/<;u-r*^orao«^-<j- Kii» 

' <* rs^outE tr > ib*»?8l3:* «>»< boam *** 
4 igMogfofc * KtfrE xew<* -r*?- 1 aft 
S ft4J8#-fc > . 

> ib*ttBtt« ^Sfifb * JJfr 3<0^l6] U e > ±*i" 4 fc * 

[M«3Hl-2] r«J "/-✓BKHB** >*-«r«iti-4^ 
*«tiltt^4Xx-y -rt, 

x tr > / * fcBsfc-r 4 X -f y -ra*, (a) ft 
to S Kfc** v» t * A#&«4tM t *i"4 g 
«tt»*tt*S "A (b) tteaA&MBttl 

7\ (c) mx**— ^•o±u«uti-4iKri5fer>jh*ii 

fc t Tftffl-r 4 * 2 Ogl5B1£S t#» 8 -£4 * r y 
^(d) *rE*2 0&&t£«tf>±(C««>-f 4, *Mr«MJBfc 

as i m-t 4 s^sstt^o^/ w 7 * * * ft* ? 
4xf-^m> irE*«±ic*i, »2, m3Rir 

*4 o * t£ > / rttZJtm-tZ* y-yft. 

<t -7 utktex if >'wrm=t-o&* t«tt-t4* 1 
tt#*?fW4X T --y rt, 

*E**±UtlrE* fcf 7-*?- 1 Sitfc 

*rE» 2 <0*#fcti£*v4mfl£a i i»Ex fcf w«*r*^* 
S£*t4 <0 * iliti- 4 * UH5E X tf > > < * ^SS^ X V1H 
E* 2 0**#OIBlU*fe»* *ff*j£1"4 Xr-y rt, 
U&E* 2 S D-'Xfc' < T X « <0# * OJ»fb £ 

73|6j#tt4M* Lfcm#*£fi£-r4B5£«ifc*1>irE» 2 
LTfttD-f 4 X 7- y , 

firEB5E*S£*ttira-r4iuK *jE£fc'W rxwoiaa 

S-«TEK5feaJS J:»)iil5<fc4J:^ UMfp-f 4 X r- y "/ 
S«r«rEK:5£iaffiJ: •) <>T«f4ifct:i »), HE**'* 
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«!EB««»£«rJSIBfr4CkU«t »K UJE&2 
OBUStt V <D & * om^lfij * * < -f T 
T't>ih*1-4X-r-y7't«-H(C-^6, 1 2 UE 

[0 0 0 11 

I5feWO«-f4ft^Sf] $%W(±58#-t>*- , »U 
■T'J y v*BK<0?Sk«i3t(MR)-b 5R^«rffl^48K^ 
•fe RV-E-ORji^aUM-r 4 0 
10 1 0 0 0 2 1 

LTrtTJIE8H)2;<feffl$ffCv^4. 1 o<0-teW^5Bl^ 
•fe>-^-(i*-jwJ5ti*J-S-^w»-c 100^1000 j. ;vxr-y 
K(0e) OteBrtOBai^O-t^7.Ufflv»<b*t4o til 

i5lt486^«tt:(MR)«)*tZ»cfv»-C/h8^m#SU f *- 
4. 

[ 0 0 0 31 iiflroMR-t>-9— l± v -t > XjR^lgt/COSS; 

feu?*, Mi:-t:>x?R^ojgiJu<o^bay f ^ic:-i-4-t 
jo [ o o o 4 1 Aim o < y 

k LTfflv^*v4. t^-MhV'T'J -y v*l3K-CAMR 
3TJ-*:ffi v»4S8jfl-fe > -9— <0«H***B#K=*5, 247, 278 
■?-Wffl#t-Eili$*vTv>4. *at-t>*-4: LTftftt 
4W8EX b9 y7'ki:tUfflv»f,jt/ > :A»R K 
-r/lBiOti lo*WIi±s IEEE transactions 
onUagnetics, Vol.MAG-6, November 1976, pp. 813-81 
5 »;E51i8nrv»4o 
[0 0 0 51 E^»»Jgfit(GMR) kBflfH4, lUtC 

4e GMR <0*5?^#iS(i, ^5S®14&l!*U<t »)«-|i8 
•*t/^^ < t-t 2o<7)S6ffitt^«Ji*»*4C:i:T*>4« 

tt^v^fA^ ffilAlf Fe/Cr. Co/Cu Xi±Co/Ru£ 
<ft>tKJC2o<05fi8Bitt)i<Olo<7>m-ft^rfil* t B 
^S*x4x EP*>e>'ih*?it42t=«fl<)i:(i^lS-&-o*ft 

•CBI«?amit)SOfflitfi«j^^(6]J:S!it* f ^ 1 4GMR »it 

50 xe>{K#tfcfli:, «EoTK«i£«0*jMg^JlSEft«r^ 
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gmr <r)m&i*$m&&KX'<-- *m-efrmititz2^<n 

-r^,^kr>M;U7-(SV)-fc>-y— *»»t,ii4„ ^Hftfrfc 
5,206,590 -^Effl*ttl£*WfcSV-fc;'-*-$:BS^LTV> 

*o *H*iMi5,i59,5i3-9-w«i#tt,' tem&m 

< i 1 1 ;<^hXI± 3 y<A- -f-UT 
* >ih!«>S*mtt« *R5ii5BttiB iti:iDJ|. 

ltv^o #si?i**5, 341,261 -*9j<n*tttt«itt£i* 

*SV-fc>-*-£M^LT^.5>c ft >(> ffi&fi<j.fc U X # 
> X & tfft *> £ v * Jftffilt * * sv-t > -if - 1± , 

fitjlcgfti 5S&1£ * <OSSf t^^|6j* r «-?- 7 <f — A- 
KUSiST**4-t>- , f--e*4 0 sv-fc>^-oRtf&i>* 
tbffcli Heim et al, "Design and Operation of Spin-V 
alve Sensors", I EE Transactions on Magnetics, Vo 
1. 30, No. 2, March 1994, pp. 316-321 UEJESivCV* 

[0 0 0 6J l&ft-t >■*-<?) 7 y v'EttTOGMR *? 
<01$ffl(i Daughton etal, "GMR Materials for Low Fie 
Id Applications", IEEE Transactions on Magnetics, 
Vol.29, No. 6. November 1993. pp. 2705-2710 UttUSS 

(BP*., SV*?0 Srfflv>4-TV ? v*IhIK(±*») t 

[0 0 0 7] *&WO§fi^ifiE5feOAMR -fe >■»>— J: ») t 

-b > - £ R V * <0»i£;frj£ £ «ft * * C t U * „ 
[0 0 0 8] 

tt&tfi i c m -& S ft £ 4 fl o tr > y < ;w r (sv) * ?- i m ^ > 
sv5fi^-i±rai:is«±ic'; vy? 
7-f 9»t=tMt*ii, *ftfc^afc**058rtt:*&ii:s> 

sv*?a>e, (i*§*& stL-5,,, 68#-fc>-'f— osift*!: 

*aWi:,t;i), SV*?-rt<7>e>jt#*^5&ft:<o;£|fi] 
li, 2oosV3R^|*9<r)kT>ih*l»<OB!i<t<0^f6]5» t flt0 2 
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6 

a s ftfegmoTOx h 9 -/ fit -t > * - *fi u t**p 

[0 0 0 9] 

iO [%WO^tfeO©S8] Ell l±4CX7>SU^^SV*^A,B, 

v visiKm^-t>-9--ioo»t5ia i Sr^i- 0 ^sv*^ 

*o S-SV^A-DliflE^LSy-'WWtWi-^o SV*?- 

EPH-c^sn, «rE¥®<-* ») , -eLrsv*?-o«$L 

20 [0 0 1 0] 10l±*l\ *20SV3R?-A, BB. 

z>o sg«s*iBF. (a^i*) a*** 'J- K2os ^220 m 

U*S6-$il-i>o IC, -t^-^-IOJlSVSR^-A, CSU'SV 
*?-B, DOWUC-f-it^ixll^n/iJi^-';- K24, 26tf» 
httZ>K2<n->cy KoaS^f-'J- K«r*i"4o Civ^li-fe 
>->f--10Offi73';- Kfc LTBftti. 

30 [0 0 11] -fcV-tf— lOOUl^li^glW^SVSS^-i^BS; 
-T 4 « * WW * Tjrf E l <75SV*?- B U J: "C £ * „ 

sv^Biiast^jeiteiise^ ^56^x^—^*37, e 

55*5614*41 *£-tr 0 10O»f|FOfl[-t»tt# 
sv*?- A - D ?ffi*tff> u g S tem t tf > ih #>m <nmt<r> 
^|6j-e*-S>„ HI U^i-i9tc, 56^^*0 $K^v»t 

4fflOSV3R?-|*iOeSi:»i.O^:rO5B : fk»<0A»^ 
^|6](±SV3R : F-OftSLIz?&oT>' 4 -&o C<7)^|6]I±*2!M 
fcSV*?B t?S afc*360fc£(132^$ ftio ?£•=> -C, 

40 SV^A-DTStt^JKO^bWKill^t-TffJ-ll*^ 
L-*>L^* t «i>, e>ittf>*0#*0<*ffittfcSV3l! 

^•BTkfVihttliSgo^enr^^il-^) 5ttfb«38(i, SV 

*?-4:BaK**a<o^i6)«cSifl:i-, -f-L.rsv*?-ofBw 

USFff»=*mttitfe*t'*. L*»L**««>, SV^BRO'' 
COe>ih<6*05a'ftO^!6j(±, SV^ASt^DOe^ 
±**O5S<t<0^|6)t5*fC*i« *SW^SV*?-B 

■C, e>jh**39058fttt38t> 5B!Wfrtnisnfcv»fc 

#oes^*36coAiff^5a<fc«i32tomosE^AR 

J±, SV5R : f-<OfttiE«|6fj'fcWX^>x«:4-x.'&e SV*? 
50 cOft-^filTJ^tieu-feWl-ffl^-SffflBttli, 
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[0 0 12] SV*^A^D;M#iI£8Lt<:rai$KBj£S 

*u tLxmrni- 1 ) '/rvvi -» 9 ixx^ 

*<7>"C\ ■t>*-10O-r«J yv'BHKiJI-y-y- K24RIT 
26<OM0^1tiai^«EVout jJtRiaOlZiSciiTl-^W 

>Jh*e>JBC±«»**it*w»*«, gfrCe«<±ftftd£itn 

[0013] 02l±#*nS*t-5»*HU*«-4*-<r>SV 
*^0«8t U X * > A * o HI* JB^ »J - K245. XT26 

> * (C^ Lv»ri*RW5r|6]T4lt*tlf 4 <b &v». flirlfiHeim * 

Voot = V in x RC/(RA + RC) 
[0 0 161 -lO^l-RA, R6\ RC, RDOtttftAI-i 

[SU] 

Vout - - Vin x UR/2Ro) x H/Hk(eff) (4) 
[0 0 1.7] 5t(4> l^tiTC, 10OWIEV. 

5$<4) (i, IS3£«OSF®|*9(Z*t5 
[0 0 18] Hk(eff)l±, £SLO«£-Ufiv>3H?-tcH 

T2~5 Oe Ot5Hl*3OH^OjfeS#<0||^14au%^ 
H^&fc^tr. dO^T, WI±SV^tf>«-C»* •) , L 40 

T t it£&Zem<r>m 
[&5] Hk(shape) »4t Ms (t/W) (5) 
[0 0 1 9] Hk(eff)li7Kfi^SyTB«^i4UJ:^i 

50AOI? $ONi-Fe OgffiifO^, Hk(shape) 
li, ffilO S *n^<DSV*HF--C(± 5 Oe"C£> •)>■?• LTffl 
3.3 5 i'DXOSVJR^TIilS OeT*>-5>o H 

k(oft)ia, tsios ? d ^osvai^nno oot*>»k -f- 

LTffl3.3 5 * n > OSV*4""W*20 OeT-$>*.. 50 



Oigffi-C* ») . Hk(ef f ) liSVfc^O^fr&^tefi&l^t 1 
l&l] 

RA = RD = Ro + AR/2 x H/Hk(eff) (1) 
[0 0 14] SR^-BatKCO^^-OiTlZ, 

A &tf D (i. -tit h i>m CG^mfti tfi" * ** <b > **J- 
B S W"' C <0 kT > jh*6»i I4SV3R ^ A R y-' D «7) tf ^ Jt t 

RB = RC = Ro - AR/2 x H/Hk(eff) (2) 
[001 5] 7'J -J vOVout VX#> M±X.<T> t •? IZtt 
ZO^X', VinliX^JJI^';- K20R 1^220 WUf* 

[»3] 

- Vin x RD/(RB + RD) <3) 
[0 0 2 0] 6%OAR/R, 15*-A(73i>- ht&ifc. 3.3 

SE^-^fflv^T, #JU$^-Sa^H<r -Hk(eff)*-<b +H 
k(eff){I»?li-St> iS^«*136 
ItSJ-fki-io *W*BEVin*«5 VOM, w^tli -150 
mV *><b +150 mV t -pOKfflP9U*^ffi#H: V*- ffi 

^>^.t LTa3tf^?tL?) 0 20 Oe<0Hk(eff) t 5 V 
OVin-Cli, cmi7.5 mV/Oe. «0 X U*tl&+ 

wOttliaftOflTKOAMR -fe^^-01.5 mV/Oe 

[0 0 2 1] ttWHWi.WE.WMb IXtHMZHtzm 

Wmxi>i,m$iz ttdf^i-^o 
[0022] Bl4at>*la5l±sv7'•; y v»ip--t v*-io 

O&4f<lt*»«|«:^i-o 04 J±v>J 3 V<Si)»*S0±U 

i". H5(i*«50±Oin'bO)lO-€-K-rtL<0^l6ltW 

[0 0 2 3] !2 5r, «*DtC/<-y 7.T»51* l Si2£«ICft 
.» ? *V^ 0 LT^SVJR^F-A- D -t 7 v 7 
r*51±I^ASn^:tt. /<7 K52, 54. 56X^580^ 
^Oi»*#d t *SV3R ; ?A-Dco*U^*'->'fb«*tv 4 
oOSV3R^O^»«:«^fl<lt3gai-*e *«*'<? K5 
2, Seii-f-iv-fitSV^ARlfB. SVjR^GSy-'D^rffi 
S««L> -t^t- 10OA^»^F';- K20> 22«r«x. 
4. K54, SSIi-J-H-fnsVSI^-ARtKC, SV 
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K24, 26*ffix.ft 0 * LT«felt*60(i3MKfc''?;> K52, 
54, 56 , 58Rth'SV*T-0±UB&.£ii.* e *U, 
OSV^B^^O^&^ffcWWit:'** - >ilZflho 
C<7>B«*(±SV^A-DO£Tt:&Hi:e>ftfta { , <fe«f 
«60a t &ftfc£«^ftUli*ftfe£«8cS:h.*v<>o Sef£ 
Lfc-fc 5HJ-- 10<OiM^*liSV*^B5e«70(i<.£-** L tft 

jli, JO 
10 0 2 4] -t>-f-10«r«i^-t*^n-tX(iia6^«t 
»)tfi9j-ffto @6«iia4 0Bf®X-XUJ:»)»^n/w»f® 

T*3i^1000 - 2000AOffSO^^-y * «J >?\Zt »)Si 
3&K50UT;P< -*-(AltO») <7)/<-y 7 rm5\i>m**1X 
Z>o '<? 7 TJfSIOgttrtSi&fcSOt-m&ttfcJfetSW* 

Kitft.ii-cfcfto -tura^osvsR^A-D* 1 /^ 7 

[0 0 2 5] 0 7-01 OK**), afiftfcSV^BO 
Sl^tcov^TBiWr^o 50A<OJPS<0* V?>U(Ta)<OT 
«55*Vs' 7 7T151 Uft» $ ftft o 0 7 US*.*" J: -7 

#1 o&»i$ii36a^<7 7T*5ii::tt*$*vfto *36i± 

"bNissFeis STOiE-g-ljEHONi-Fe ftj.010- 
100 A <OJl$-C*-&Ct*»ai Lv» e j*v>2lM814&JR* 
*W37, * 2 03*v>ffc&14*39, #J#K* v^gfc* 

T **41 &tFTa* v ■7-*44**SSmit«360±tr#5i § 
ixfto *2 0?AJ814W39lit<V±#*U$:»K * LT« 
39<>Ni-R> -C10-100A <T>W-Z USfifc* ftfto If5ffif£<fc 
JK * ^— ^»37Ji-C £ ill* m (Cu) TljWt S ftl-Ol* §20 

-40 a u®fiSt-*-ft w 1 4 , asLv> 0 sum^-f r *«4i i± 

ttn) Xli- ^y^-^^-^V (Ni-Mn) TflDRSft, * L 
T100~400A«>l¥£UIJj££:»Xft wi**Si Lv>. 
[0026] 0 7-01 0 IZI±El^§^rv^v»tttL^ 

K=»5,341,261 -?-^aB#IC^?K^J:oU> CuX^--* 
«37UB?«-riCoW»R (*S5-15A)atfNi-Fe OS» 
■ K 10- 100 A )*«)£-r -So £*U±J: i)*£v^FV 

To < h ix tzQLR*. > * - UitJfc-*- ft c 
[0 0 2 7] 5H5B14*36ti, tlBfrhtttlBZtitzmft 
(0 1 izfr^ixtzm^H) t-i&«tT'f-<offi^tt32* t i 
EJucHUei-ftOT- "ifi*" 5£5B1f*fcD*if*i:ft. 5SBB 
1£*39li, m<b«i380^EnT**i-J:o(:, &»&}jiaj(: 50 



If IS¥ 8 - 2 2 6 9 6 0 

JO 

BSSftft, EP* > k*>ih<«>§^-5><^'Cx ^8t*'<bftlJ0? 

[0 0 2 8] -E-LTffl^Oft^f^SVfc^-A-Dfcifc*) 

it, -tLT)i36, 37, 39, 41SI>*440, *hVv*h-C 
«tt$itfcv^TOffi#rt t J§1it<Ol&*:£i2;, fflxlf^* 

IP**eJRbl!fcjHi.4o 0 8t:jjvf .to U, cftttSV*^ 

* (Oft S L K. a'ffi W * **!> ft WiS & ^ * •>* * 
4,. COJ^U, 0 7-01 OliSVJR^?-, fllx.tf0 6tf> 

K54, 560ffMi"4^-r-y T'-C**,, 
[0 0 2 9] 08-e, K, #8*1* (0 9 

•y K54, 56«r©fiS;-r*^i«>U, SV*?-±T* b UP* Y 

iXTtTa, AuatnaOWO^W^^OW^IOOOA^ 

ft, "5-LTNi-FeRy f ^»*t»fl|I*»Hv»*tHB|.(CoPtCr) * { 
«57t LTft»$n, «v>TTa/AuAa*«f=r*$ft-5.o * 
LT* h Vv^ hRlF&JK^^^ftT, 010 U^i" 
J:-?U, /<y K54S.0 f 56* t ®fife?tu* o 
[0 0 3 0] 0 7-01 OK^Sft/wlfcSWfcSVSR^O 
g4<t«36* t ^^ih**39i: •) tTW51<7> 

Twsu-iav^svjR^-^^-f set 7*o M&m 

^-C(±, «39ttf>ihi<)i--5.^i«>Ug:!Smi4*41S-T* 

[0 0 3 1] 0 6-e, ^< y.K54, 52^^560 £ n 
^'y KI4SV5R ; f-A-D«r)^T i tiai:««l-*--5>*4(;W'5tg 

•C^*l.(fT;P5-f (AIiOj) O^IUlOJfeiHiWeO^^y K5 
4, 52, 56&O f SV3fc ; ?-*fS£lca/<— f h t LT1 

500A^H?l-ft*?ft-5>. *LTW=*H^y^ I** 1 
#UDSn, T^^-tilfe^lieOilCff^SftiSV^H^ 
«70***!>* lii:/^- >it2ti*o *tttOBiel 
70I±T* t *tlfi£(Au) •) J.Oi3 ± -f"2000 AO* g Ktt 
♦ Stlii t*«ai Lv>„ -t V-f-IOfc^JaSi-i^TO 
■*'*/<— HC±ffl5^T^5f-ife»*80 
(04 ROTH5U«0^-*r) d^HRt LT#«Sft 
ft^tc, ffl£Ji70<oJ8H?->;- K (i6i:^S'nfc» 
^f-'J - K72)«r^fiK-r*/i*U±8B»»«80*»'bB3S'i7 
OUfcfcl}, tLttt^7 KOWJ-K (06U 
mitltztt^ 1 ) - K26) t B«c-f ft * i-iffe»» 80*> f> 
«»*60i-*3fc»), aKtO^TMMT^JKSltStLfto 
[0 0 3 2] wftCjOK^aK^tC, ^k*Vih*W, 
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(SV3T?-BOe>ita*39<Offiftll!l38) 

SEtc, *LTBl.U*Siifc**i'fii«*rtllc % ^jfi] 
ib£fc*OftW<0SV3S!Hf Slft^n -t * fcE^THfc 

Cftftcfr* .fc o K^ifirtfrtt, io*:/'; » v@ 

I0 033] 04 airea-5-c, BsgmffififcmttoBS 

*70i;*^';- K72, 74«rifiLTJe$iX* OJ-K76, 

KfftJfiiTV'i). £<0*ifc<0te(±, •E-OEcElcMaL 

t:M?n4. HS*70co#Uv^«r»E*v^m»£O^F6] 
<iSV£?-A, B, C, Dn-tti^iX&Qm. 92. 93, 94 

m<n-ft&[ltm lCf ?Hrv>4,, SV3R^-±OB5e*70O 
«fg;W05 *n B5e*70Sraj^230 mAO 

«aE* f *JJ:^145 Oe Oi&#*ifcfiE1-*o :o»fO^ 
ft 147'; -y ^<OfltatO*|6](-J: >)#SVJfc^I*3 

>lb***«Fe-lln T***^ B^WifcA'ttiniStLTV* 
•5>&v>f.:\ * >-^-10J±i3J:-5-160-180'C^lni«t$ft 

-tlU*. Fe-Hn £«0.t-?K-fev }« S ftfciftft 14 

<b*l£o kT>it*!>Ni-Fe «t4R*£i-«&Fe-Mn fC^ii 

<£-?ft&«D-C\ *ft^O»ftt4*:fte.O|K]«Fe-Mn R3£ 

t)n$ixaits*«<>/i\ -t>-9— ioi±^tpsivio ^n<r> 

ffc, Fe-Un Kft«B14litt1lAWUB5t*nfcTte^?i8<b 

^tt-^^^o^su^^,,, *fcae>-iLie>i§osartb«9 

:5|6J * fcfc * ^|6] t:fiX« <:B5Tf * w O 7n -t * (i , 
fci ;tffl*osv£^j»*£T|5ji;&«UBli£&itT<>, -fc 

10 0 3 4] B£«ifcO«> B5cfl«D+i£&l>'E5e-t-* 
*S-e*i 6 B5g*70fcSV^f-<7>|W1O*-/<-7 y -/J±, 



(7) #Bfl¥8-2 2 6 960 

1 cote* IK* OffiO&S <b Viz fc&#J*> 

H£ * fttti" * * osauitBIS * §s u-r 4 *> K# 
ST-*>-2>„ wO*-M-7 -y7'(iitei»W60O)¥$<7)^-^< 
3 *-/<9 *70TO$fl: 

3 $ *n>u&*C t^ij-So 13 4 l-^tStU i£j£St». 
tzZmmr-lt, SV3Ri=-<0(6(±3.3 ;^D>T4)t)., -t L 
TSV3R?-£ * -^'9 7 B£3Ufc«>tBt4lO S i n v 

[0 0 3 5] B^IS?©^^^**^!*^^?-^^?^ 

■C, I limA^tt-C* 0 . Wf lilfu 

-?*>»k -eLTHt <±Oe mfi:offiS#r**o 

[»:6] Ht = 2 ir I/Wf (6) 

[0 0 3 6] Hto«a. SV5RT-5&qB:«Ski ») t 

< 1 1 2Hk(eff)-C'5:Jtit(Xi'b'fcv» c> Hk(off)(±^t 

v<0jE Lv>fir«^^«r«8E-r«» *:*K<± 3 - 1 0 Hk 
(eff)Otefflr*3<0Ht 0'H* t fflv»<^tL<a«f'5r<b^v^ El 
4t;^SHfc«-C<4, e>±i«>J14-B5E-r-i>O^Ht = 
7 Hk(eff).* f fflv><b^^ 0 
[0 0 3 7] B&lp-fc^-fr-IOIiBSemifcK.fc O^ffi^n 

XltUTfflv>f>n4»^ iO»Kli-ttU:i60~180 
"CT**,, ClixliFe-lftn <oyn y * > ^iS.R^O±» 

i$J:-!-240 1C<0ll5eiaHE«r*1--&O-e> e>ih*»l<0»f 

-Mn Oiaft*^<0fflft J: »)<>«< T--'J > 

ig^M^i. ft^.<OiaSliFe-Mn ^(±200 12, Ni 
-Mn -C<±250 tT*4*<, e>jh«!>*«±IBMf1tOS:fbU 
40 J:SAR/R<oa^«rft/Mci--&fe*»cB5£$nrv^o 
[0 0 3 8] trafft<0-»#liB5£«ifce#«-J: 

liSO-SO-COteHrtt-** tWt LTSll5fe$*tao (So 
T, ^aoifiJStBS*iKUJ: *)±&Z1xtziZ8t±&t 

ftATffiSiaRilii-bC t**4>4 0 w<OJ»-&, 
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[0 0 3 9] Fe-Mn 0&&'<<f 7 T.tm&ZimSi'k. 
-t>-*-liFe-Un corn y * > i^i&S J: •) <>tf>&»9l£< 

LTB5e«8Eli^ffif?ix*o Fe-Un Oftfr 0 UNi-Mn «0 

- 3B#HU4?fc»){iir240 TCIC7--'J >7ZtiZ>tm 
b*u, W*M<r>* "voffefrPtttt ■'bit*. :it 
(i, *SiUtNi-lln <ORB}&1£[li2^iiffi^Of£ 

400 TClr^x^T-n 7 4 «E1- 

fir LT-fc fcifcipi-* :.t A*T- & 4. 

10 0 4 0] &SV3fc-?-<OR58lfi14IB t LTFe-Mn *fflv> 
*-t>^-l±«±(itri20 "CtOft^iaKiSHSlKft^ti 
(1150 t;e0K=KiaS«r*i"4o Fe-Un *>ft*> •) UNi-lln 
t«v>*:ki:J; 0ft*ftma«(iii»Ji80 *CUiS:^:T* 
Ni-Fe tO^m«5#<0^«t)ONi-Mn Officii Lin 

et al, "Improved Exchange Coupling Between Ferroma 
gnetic Ni-Fe and Ant i ferromagnetic Ni-Un-based Fi I 
ms". Applied PhysicsLetters, Vol. 65, No. 9, Augus 
t 1994, pp. ri83-1185Uf£ai$iXT«/^6 Fe-Mn <0ft 
fc>*Ni-Mn nfcRHUz^V-nWiit&BLimieQiCiltm 

<>15~20%CD»££&T-5>o wtUiXkTW^-rilfiO 
S.C»}-&-v><014j— (tUJ:-i><><0-C*4o wttli Sperios 
u et al,"Role of Interfacial Mixing in Giant Magna 
toresi stance", Physical ReviewB, Vol. 47, NO. 17, 
May 1, 1993-1, pp. 11579-11582 KEiE £ iXTV>£„ 
[0 0 4 1 J 15 iitzm OE?lJJi*«±O»<0* 

SV*?-OMU**fl:B5e**tt*, *fe»*60£*mti:B 
5£*70SU f SV3R ; f-<O|BJUll< C t U J: ») -t ^-V-- tSft 

[oo4 2i aKLWRLizfi m 

$ ii-5)tt»aSr*m^BS«70Sr ii LTtttJD-T* :tl:i 

0 -t > * - Ji«s£-t > -9— t l -ctfeflrt * w 1 1 -e # 

J. -?"LTB5e*i(ittS£* h 7 7 ^<0« # fc1-* e ttift 

0 1 T fcffli£<7)B5£*70CO 'j - K76&U78<omtla£S*i 

[0 0 4 3] Jg#-fc^-*-li, #tO?ix^iS#HO*& 
? T-li & < *)E * ifflSf i 0 i-SS^i" -J. £ 1 1 T # 
Bit, RftfC, SVJR^-A&y-'C^SV^B&U-' 
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•J — K76Sy78ICB5£ttSSA^J^rftt)Di"'2> C i: (C.i »)» 
*SJf4. ?S#43E-t> + -c: UTfomiF-t^-'?— 

PJCi^u«s^?i^^x^s^^'aa* , ;- kcx o, sir 

*lE-fc > * - x <a ft -6 £ *-f * . . - ^ 

io ^rc, <w/dx a^cos? LUSiSfc#ft<i9&#«o£jE 

[&7] 

Vout = Vin-AR/R*S/4Hk(eff)'dH/dX (7) 
[0 0 4 4] &.%■■£>■>)— St>TK#^)E-t>-9--WW# 

'J- K20, 220MUX^«Tx *20-t7 hOJIf'J- K 
20 24, 26<OHI)Km7J*Sfc1-*) * JiX^SlP 

260HCX7:«-> ^LT*1 f<0'J- K20, 22<7> 

«^^v»Ki^Sr4x.«. 0 Hiri£<0 Heim et al OlfeSlUia 

[ 0 0 4 5 ] t btb t LT, *»WO*«l=W LTJiHT 

(1) S^-t >t-fi-3f, «rE3£«±*-^ 
ffiS;h.^:*l, *2, *3Sy f »4<0Xev^<;P7'3R?- 

. n«r«a»«±u^BS:$n5.oitrK4ocoxv:>M^-/ 

5&^<0&* li (a) 55lF**ftUnS*v*v»t #fi.«F^»ik« 
S-«-r4gft«Sfi«1tJi, (b) WEefi^SfiSiiWtcK 
«tSIM8f^^-^iSy r (e) «TE^^<— >hBUB« 

40 E4ocoiffiiiioa»^Sfk«Hi^»Wui:v^u^ 
-c*»), -e-LT«rE4c>cot;>'jfc.*ssfe?»tsw<ofiifk<ftii 

(2) «E*mWiR«-f4*tfW<*r*?-OBUll 

(3) iwe»i t»4 co^.f>/<A--r*f-j±-5-*t*)oe 
>ihfta»tt*om<btt**sv»(-^u«^n, twe« 

2 t»3W^Vf>/s';w7'3R^-(i'f-*t<b<oe>jh*«oS 
50 /N'^rjR^ok'vjh^iKoaiftlfiu^lTTfe^, 5«: 
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lt5E»l fc»2 0Xt'v/<;W7*#^OMO»^- K8. 
OWE* 3 t % 4 O X tf ^ mju y^OIBloa^ 'J - K 

4, ±B(.2)UB««l#-t>*-. 

(4) mmi tmz<n*\i> wftt&zixhw 

2 k»4 o*t'w<>w7£^ti*ft^otf ^£#565814 
x tf > /<*7**0 e VitftaflBtMoafl^uatW 

js* 'j - KRtmrem 3 1 m a <r> * m > -rm^-on 

ton*') - KU&«S*ut*S&«x, LTtBTE* 1 

tftso^fw^ rsi^-o ih) y — K5. tftfrEfc 
2 fc*4coxe>/i;vrm^O|B)<7>Ji^>J - Kt*-t>x 

SrB«i"*> ±E(2)UEttOS5#-t>^-« 

(5) l»E**^li»«1-*xe>/^y*?-OIBIU1t 
:Mtfc*KP»J- K**U.*1 t»2<oxfc:*WN*;wriSS 

*-*>hrv*3 tW4<oxtr>-/^ju-7'<omoJi?-';- k 
^ ■7 , * ; f-o m vm 2 1 m 4 0 * e > > •? * r<o n o» 

?->J- KI±#2C0-fcy h«0'J- KtJBRU *LTJEK 
* 13.1*11$ 2 O-b? KO'J- KOEUttE-fc 

fclWE* 2 Xl±* 1 O-t 7 ><0 «; - KO 
M-CiW5£$:h.*:ffi2>WEI±-fc > X S *t4ffiE^oaP15ett«r 
4x4, ±E(l)t:E«W-t>t-, 

(6) «jEX^i*jf.tc««;s>tL^^o^ffrE't y ho>; 

- K<7)|BJ-CjBll5gSixfc«rEai**Eti, tfrEi£«*>¥iB 

x.4, ±E(5)UEttOJ»#-b>^-. 

(7) «rEX**».ic«a$^^o^«rE-b » KD'J 

- Kom-eaBsgs^ittEai^mEii, mE»soTis 

1*3 1-*> *&#J&9-o£)EO:*: § $ &t>*tt-3-01io#<7>»!l56 

(8) ttE*«±UJ&j£SH, * L THE* 

±E(l)l-E«offi#-fc>-*-. 

(9) «rE*2<oii*#l±«E-t>'->}— QSfMftCMft 

T-*>i)> -e-LT«TE«S£x b 7 -y y*»Ett4«SElcHa 
Lfc«ff**E»*-fc T-t ^xts; t Ci 
E«i£x v-fiViiiZV.ffi.&miE.ZtiZ. ±E(8) 
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(10) ffrEXtf W<*:7£^<D&4ti, iftEtf >lt*!> 

^/H7 *■ *.*U*tr , ±E( 1 ) KEtWB** > 

(11) iffiSi'WT x*lift--7 > *-> -y *■ 

TUMtSiia, ±E(1 0)UE«O»5H: 

(12) »H^?it4«S£«r$IXi^*umE26«t±t-ff^ 
70 j*fcitfc**x hfvyilUtt, -e-u-c^e«»ex 

t:\fc i)llirE«SEx h 9 -y/iriK^imij&^jS^^H*, 
±E(l)UE*0«|f-t>*-. 

(13) nfflS5ai^-I&»LTffi/tJ«KSr.^lS1-4^«!)0 

±U»*«iifcJlSl, *2, #3B.0 f *4Oxews';u 
r^t, U!rE*«±U?Bl£$tLj.oiltrE4^<0xe> 
/^p £ 4 » 1 <Oz*«f* t , U5E*«-t 

u»f£snfc»2o*«^t, njExewN-jv-ra^s 
20 u-'«rE»2 0*tt#:<7)m<7)«6»«tt«x., TKrExev 

?Bffc«i«:*1-4eft'i5fimi4i>i, (b) HirEilEiJfcSUBili 
■ UH»-f**Wt*^— 'MiS.^tc) «TEX^-+fl 

^, TfirE4ooga^«<oa»i«a<l:i*«i?EKWi-i:v^ 
t-Wcfc'K -f-Lr«rE4o<oe>jk*!*?»l3t*09 

oflto 2.o<o«irEtf^ih»5*fiS14«Offi;<tco*|6li:HK 
50 ffHCiS^T-C* •? > «TE» 1 Oi**#l±B81-4 X ^ 

^•^■/^oMtcs^n^JB^'; - k«-*l, u&e* i 
x m >;Dv fm^vmnm? - vitm iot?h <^>» 

?'J-Ktr»«L, -?-LTlltrE»l t*3^e>;^ 
Woa^V - K<±W2<0-t 7 hOJi^y— K*JKSEU, 

«rE* 2 oflMtflsfettE* > * - <^«ft* i-iitria x ^ > 

4BS«J£Of£i»<o^*lcil5E^ vf k iSLM. 

40 &t>-&2tizm%-t>-*-o 

(14) i»E*iay f *4 0^tfi'/<;i'7'3R^(i-E-ix*> 

ilrtBlf lo-ty h<r>M=f->)- KO«U««t*ii'fc*»* 
#i-4C0-C, UtrE»20-t-y bOJt^-U- K<0W<0Hil) 
ttEli^KW l-TWE*«0¥® 1*3 U * 4 ^Biffi^ffi^-co 
®ffiOiffl5£tt-C*4, JtE(l 3)UE«<0«8i*-fe>-^ 

c 

(15) WE* 1 TkVF%Z<r)7,\L> JV\,-T*^-\.t**.h 
50 l»E*10-fc7 heoSS^') - K<0(yi(C«fl!?lLfjl8:ig?: 
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WEtiSSRfi-M^ ffiE^fcTw^T-SST-^gS^ftUIJ 

<o£>Eoffii5E<rc*>^ .tea 3)t-8E«oja^-t^* 

o 

(16) mim 2 o*tt#<7>iffi{±, we* 

(1 3)UE«omif-t>*-o 10 

(17) «lie»2<0»ttft:{±Dlr8E-t>-»)— ORMUI 

USE^SE* h?v •7$r»7£fr&«3£7Wffl5£Sn£, ±E' . 
(1 3)t-E«<m?M:>"'7— o 

(1 8) TtfTE^Vf ✓■/'C^r^coS-^Ji, «TE»<>ih«t> 

E ^ > Jh *>5*SSlf W C BIS L .S^ttl" 4 K36Bltt 
^fc/T'f 7***5^*-**, ±E(1 3)UEIfc<0S£ 20 

(19) TWE!Sj»^MTX*t±^--7V**V SLlt-vT 

ft* > ±E(1 8)icE«<ofi5#-t>-i)- 

(2 0) tWm#l~fc&Lr $LJ&.-tZ>tz*XD 
7"') v iS®m&fr-t's*i— SlSk, 
;&<(5l*¥ffllittEi£«-tK3&»fc£*.*:, «EfcES2^0* 
1, *2, »3SO f *4<0^e>^'JWr?R^-t > WES 

«Jiu?KSt?*tj.o«rE4 o<7>* if 
#«1-*fcl UHE««±i-^)£?tv/ < :*2 50 

oa»«#k, nirExif >/N-;v7*3R?-su f TlirE*2oani 
#0|Hjo*fe»*fc, WEAftll- K»-«8E$*t*:*»k 
liirE*^ w^r^iF-^-Mite) ffif^Jo 

$ tt 5: u> k £ «rE * tf > > rm=f- <r>fk s Ufa i; u tar*p 
^fi-*a»^«ffc«i«:*-r*ga<fc5fifiaifi. a>) we 
is^stjKttw^RSi-^^misx^-^wstfte) tr 

SMRttUfctfU UirE*i k »4 o^ifwWTOF-rt 
• *»)E.oflfe<r)2ooiiirEe>'ihi<>*o«ilb^ifiitli5? 

/«*7**OHU'«*ii.fcWJ- K**U WE* 1 

^ew^vrfc^-oiHJOJIB^')- Klix WE-t>-*-A 
#«iRfctttra^*/c*OA;tt*?BfiS:U -E-LTWE*1 
k»3 0Xe>/N';W7#^0|eK Sl)KrE»2 k*4 0 
^ew^r^offloJS?- 1 ; - Kli, 
EEom^Sr^BKL, WE* 2 <0*«#l±WE-fc 

sift* u we * t* > / vss^owe e > oh** omit 
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^l«n*&*£H£1R^{£*o£i»UWe*fc*>'<fl' 
(i£Rat|UWE2fc«<0¥®r*3U*> •} J.o£SttUWE* 

(2 1) ■r«J»5'*HBailH:>*-*Kt+**ft"P* 
•9-C, *««ratti-*^T ? 7k, *ew<*73IHF*> 
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